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Introduction. The aim of the study is to develop the scientific
bases of antioxidant activity of water-alcohol infusions from
vegetable raw materials and to identify the most promising plants
as sources of natural antioxidants.

Materials and methods. Alcohol infusions from vegetable
raw materials, which were considered on morphological grounds:
herbs (35 samples); roots and rhizomes (9 samples); flowers (7
samples); tree bark (2 samples); dried fruits (18 samples); juicy
fruits (29 samples). Methods of investigation: redoxmetry —
determination of antioxidant capacity of from plant raw materials;
pH-metry.

Results and discussion Infusions of alcohol from vegetable
raw materials have a hydrogen index (pH) of 3.13 (Sudanese rose)
to 8.17 units pH (Stinging nettle).

The minimum theoretical value of redox potential (RP) (Ehmin)
has a value from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese
rose), and the actual value of RP (Ehac) from 8.0 mV) up to 308.5
mV (Quince oblong).

The minimum value of antioxidant (restorative) ability of
alcohol infusions (REiy) is for Lemon fruits — 18.8 mV, the
maximum value of restorative ability — 209.0 mV — for alcohol
infusion of Wild strawberry.

The energy of reduction/oxidation of plant raw materials
(REpiant) relative to the alcohol mixture is in the range of reduction
values from 124.5 mV (Wild strawberry leaves) to oxidative values
of -65.7 mV (Lemon fruit).

Alcohol infusions, depending on the activity of plant raw
materials have a reducing ability (over 0 mV) — 65 % of samples
and oxidizing capacity (less than 0 mV) — 35 % of samples.

The creation of alcoholic tinctures with antioxidant action
allows you to bring to market new products that favorably
distinguish the range of manufacturers from the range of
competitors, creating a positive image of the company.

Conclusion The expansion of the range of alcoholic beverages
with the use of alcoholic infusions from plant raw materials to
enhance the antioxidant effect is justified.
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Introduction

One of the promising ways to form consumer properties and expand the range of alcoholic
beverages is the use of various compositions of ingredients, food additives and biologically active
substances [1-10]. Such substances are designed to improve the organoleptic properties of
alcoholic beverages, give them stable therapeutic [11] and prophylactic properties [12].

It is especially important to reduce the toxicity of ethyl alcohol and its impurities, alleviate or
eliminate the hangover syndrome, by affecting the metabolism of ethyl alcohol and its impurities
in the body [4, 5]. Creating alcoholic beverages with low toxicity [3, 13-15] allows you to bring
to market new products that distinguish the manufacturer's range from the range of competitors,
creating a favorable image of the company [16], which cares about protecting consumers from the
negative effects of alcoholic beverages [3].

Currently, the use of vegetable raw materials in the technology of alcoholic beverages is very
relevant [17-19]. Herbal beverages commonly consumed worldwide contain different chemical
substances that display a broad spectrum of biological activities [20-22]. They have gained
growing interest among scientists and consumers due to their antioxidant properties [23]. The
ability of plant phenolics to act as free radical scavengers has led to increased interest in their
ability to act as antioxidants [24, 25]. At present, the antioxidant characteristics of all prescription
components, food additives, biologically active substances and their combinations have not been
sufficiently studied [26, 27, 28].

RP is an important indicator of the biological activity of solutions [29]. It characterizes the
deviation from the ionic balance of free electrons in a liquid medium. Changing the concentration
of free electrons leads to a change in its electron charge and, accordingly, the RP. If the RP is
positive, it indicates the oxidizing ability of the solution, negative indicates recovery ability. The
value of RP allows to estimate the energy of processes, that is, characterizes the activity of ions in
redox reactions [30, 31]. Redox reactions affect the ratio of energy to support homeostasis —
relativity of dynamic constancy of composition and properties of internal environment and
stability of basic physiological functions of an organism. This ensures the vital activity of any
organism. The magnitude of this rate depends on the ratio and concentration of oxidized and
reduced substances in the body, including substances coming from food and beverages, so one of
the main factors in the regulation of redox reactions is the RP [30, 31].

These circumstances determine the relevance of this work, which is to develop water-alcohol
extracts of vegetable raw materials in the technology of alcoholic beverages. Creating alcoholic
beverages with reduced toxicity through the introduction of water-alcohol infusions from
vegetable raw materials antioxidant properties, allows to create products, which favorably
differentiates them from competitors, creating a favorable image of the institution, which cares
for the protection of consumers.

At present, the antioxidant characteristics of all prescription components, food additives,
biologically active substances and their combinations have not been sufficiently studied.

The aim of the study is to develop the scientific bases of antioxidant activity of water-alcohol
infusions from vegetable raw materials and to identify the most promising plants as sources of
natural antioxidants.

When achieving this goal, it is necessary to solve the following problems:

— Tosubstantiate the prospect of using water-alcohol infusions from vegetable raw materials

in the production of alcoholic beverages;

— Toestablish the value of the restorative capacity of water-alcohol infusions from vegetable

raw materials;

— ldentify the most promising sources of natural antioxidants for use in alcoholic beverage

technology.
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Materials and methods
Materials

100 plant samples were used as objects, which were considered on morphological grounds:
herbs (35 samples); roots and rhizomes (9 samples); flowers (7 samples); tree bark (2 samples);
dried fruits (18 samples); juicy fruits (29 samples). As a control sample used a water-alcohol
mixture with a strength of 40 % vol.

Methods of obtaining water-alcohol infusions [3, 15]

Vegetable raw materials were ground with scissors to a size of 3x3 mm, samples weighing
4 g were placed in bottles of dark composition, poured 100 ml of a water-alcohol mixture
with a strength of 40% vol. The vials were capped and placed in a Durocell dry air thermostat
for 48 hours at 40 °C. The resulting infusions were cooled to room temperature [3, 15].

Methods for determining active acidity and RP [3, 15, 30]

The active acidity index was measured on a pH-meter «pH-150 MA» with a combined
glass electrode «kESC 10601/4». RP was measured on the pH-meter «pH-150M», in the mode
of measuring the potential, with a redoxmetric platinum electrode «ERP-105».

To evaluate the antioxidant properties of the obtained water-alcoholic plant extracts, the
method [30], based on the difference of RP in inactivated inorganic solutions and complex
biochemical media. The main criteria of this method were its clarity, simplicity, specificity,
reproducibility of results and efficiency. A number of researchers also emphasize that method
allows to determine the total antioxidant activity of liquid products, including in total in a
complex mixture, and multifunctional antioxidants [3, 15].

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of the pH and the RP [30]:

Ehm|n:660*60pH, mV (l)

where Ehmin — the minimum theoretically expected value of the RP;
pH — active acidity of the test solution.

Acquired meanings of Ehmin were compared with the actual measurements of Ehac of
solution. The shift of RP to the side of the recovered meanings — recovery energy (RE) was
determined by the formula [30]:

RE = ENpir—Eha, mV @)
where RE —the shift of RP to the side of recovered meanings (resilence);
Ehmin — minimal theoretically expected meaning of RP;

Ehae —actual measured RP.

The value of RP allows you to estimate the energy of the processes, i.e. characterizes the
activity of ions in redox reactions.
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Research of RP from hydrogen display in infusions of alcohols from vegetable raw
materials

For water-alcohol mixture, the relationship between hydrogen (pH) and RP (Eh) was
experimentally determined. It is proved that the change of the hydrogen index of the water-
alcohol mixture by 1 unit. pH leads to a change in RP by 42 mV:

Ehm|n:502—42 'pH, mV (3)

In the range of values of the hydrogen index of pH 2.0-11.0 pH units for the water-alcohol
mixture of RP is in the range of Ehpi, 418.0-40.0 mV.

The obtained values of the RP of the water-alcohol mixture Ehmin Were correlated with
the actually measured values of the RP of alcohol infusions from vegetable raw materials by
the platinum electrode (Ehae), which characterizes the difference raw materials (REinf):

REini=Ehmin—Ehac,, mV (4)

The energy of reduction/oxidation of vegetable raw materials (REpiant) is determined by
the difference between the RP of infusions of alcohol from vegetable raw materials (REixt)
and solvent (control):

REpiant=REin—REso, MV 5)

According to the results of research, an improved method for assessing the antioxidant
capacity of infusions of alcohol from vegetable raw materials for the technology of alcoholic
beverages.

Results and discussions

Expansion of the range of alcoholic beverages with the use of alcoholic infusions from
vegetable raw materials with increased antioxidant action is substantiated.

Alcohol infusion — a semi-finished product, which is prepared by infusion of vegetable
raw materials (both aromatic and non-aromatic) in a water-alcohol mixture [32] with a
strength of 40 to 90 % vol.

For the preparation of alcohol infusions used: rectified ethyl alcohol [33-34]; water [26];
vegetable raw materials, which are allowed for use in alcoholic beverages; filter cardboard.

The studies used 100 samples of vegetable raw materials by morphological characteristics
[35]: herbs; roots and rhizomes; flowers; tree bark; dried fruits; juicy fruits. As a solvent used
a water-alcohol mixture with a strength of 40 %: pH 5.63 units pH; Ehmin 265.5 mV; Ehac
181.0 mV; REin 84.5 mV; REpiant 0.0 mV. Sensory evaluation of the control sample are as
follows: color — colorless; aroma — alcohol; taste — moderately burning, empty.

708 —— Ukrainian Food Journal. 2020. Volume 9. Issue 4
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Study of alcoholic infusions of herbs

35 samples of alcohol infusions from herbs were studied (Figure 1, 2). The pH level for

alcohol infusions of herbs ranges from 4.53 (Wild strawberry) to 8.17 (Stinging nettle), which
have a reaction environment — from acidic to alkaline. The minimum theoretically expected

RP (Ehmin) of alcohol infusions of herbs ranges from 159.1 mV (Stinging nettle) to 312.0 mV

(Wild strawberry).
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Figure 1. Characteristics of alcohol infusions of herbs
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Figure 2. Characteristics of alcohol infusions of herbs
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Actually measured RP (Ehag) from 8.0 mV (Stinging nettle) to 201.5 mV (Common
cherry). At the same time, the minimum value of energy of reduction/oxidation of alcohol
infusions (Ehact) — 35.4 mV is set for Curly parsley, and the highest — 209.0 mV — for Wild
strawberry. The minimum value of energy of reduction/oxidation of vegetable raw materials
(REpiant) is set for Curly parsley «-»49.1 mV (oxidative values), the maximum value of 124.5
mV — for Wild strawberry (reduction values).

5 samples of herbs, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-»49.1 mV (Parsley curly) to «-»5.6 mV (Violet tricolor), which is 14
% of all herbs. 30 samples of herbs have regenerative characteristics from 1.0 mV (Basil
eugenol) to 124.5 mV (Wild strawberry), which is 86 %.

According to sensory evaluation, infusions of alcohol from herbs [47-49] are
recommended for use in the production of tinctures, aromatic alcohols, balms, liqueurs [17-
19, 21, 36].

Infusions of alcohol from Wild strawberry have received the greatest value of antioxidant
activity; sensory evaluations of the product: color — deep brown; aroma — herbal; taste — soft,
tart, sour, which is recommended for use in alcoholic beverages for tinctures and balms.

Research of alcoholic infusions from roots and rhizomes

9 samples of alcohol infusions from roots and rhizomes were studied. The pH level for
infusions of alcohol from the roots and rhizomes is from 3.87 (Garden onion) to 6.86
(Carrot), i.e. infusions of alcohol have an acidic reaction, which is close to neutral (Figure
3).
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Figure 3. Characteristics of alcohol infusions from the roots and rhizomes
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The minimum theoretically expected RP (Ehmin) for alcohol infusions from roots and
rhizomes ranges from 214.1 mV (Carrot) to 339.7 mV (Garden onion), and the actually
measured RP (Ehae) — from 98.0 mV (Naked licorice) to 199.0 mV (Elecampane high). At
the same time, the minimum value of energy of reduction/oxidation of alcohol infusions
(REir) is characteristic of Allspice celery and is equal to 44.0 mV, and the highest value —
148.2 mV has an alcoholic infusion of Garden onion. The minimum value of energy of
reduction/oxidation of vegetable raw materials (REpiant) is set for Allspice celery «-» 40.5 mV
(oxidative values), the maximum value of 63.7 mV — for Garden onion (reducing values).

In the group of plant raw materials roots and rhizomes were identified: plants with
oxidative values of 5 samples (56 %); plants with restorative values — 4 samples (44 %).

When assessing the sensory evaluations of alcohol infusions from the roots and rhizomes
of 3 samples (Elecampane high, Valerian officinalis, Garden onion) — it is not recommended
to use for alcoholic beverages, due to their aroma and taste [37, 38]. Thus, Elecampane high
has an unpleasant taste (soapy, sour-bitter, obsessive), alcohol infusion of valerian has an
unpleasant (Valerian officinalis) aroma and tastes burning, sour, with an unpleasant
aftertaste; infusion of alcohol from Garden onion has an unpleasant onion (nitrogen-
containing compounds) aroma and tart taste. Sensory evaluations of the proposed (possible)
options for the use of infusions of alcohol from the roots and rhizomes gives grounds not to
offer for use in alcoholic beverages samples even with maximum antioxidant characteristics
(for example, Garden onion with a high regenerative activity of 63.7 mV).

Research of infusions of alcohol from flowers

From the group flowers 7 samples were studied. The pH level for infusions of alcohol
from flowers has a reaction of the environment from 3.13 (Sudanese rose) to 5.98
(Chamomile officinalis), i.e. infusions of alcohol from flowers have an acid reaction (Figure
4).

450 r 10
W Ehmin O Ehact O REinf REplant © pH
400 -9
350 g
300 -
250
E o O o) © -6
o 200 °
4 o -5 =
150 e
-4
100
O i 3
50 i 7 f
7 7 7.
. 7 / A P
-50 1
T @ - - @© S o .8 2L
100-) 3§ EE 5%§ &, 2 £ Ef O
55 58 f£EE 58 ER 25
§% g5 3 S SE
>3 o
Figure 4. Characteristics of alcoholic infusions of flowers
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The minimum theoretically expected RP (Ehmin) for infusions of alcohol from the
flowers is from 251.1 mV (Chamomile officinalis) to 370.8 mV (Sudanese rose), and the
actually measured RP (Ehac) — from 93.5 mV (Chamomile officinalis) to 239.0 mV (Sudanese
rose). The minimum value of the energy of reduction/oxidation of alcohol infusions (REix)
is characteristic of Calendula officinalis and is equal to 86.0 mV, and the highest value —
157.6 mV has an alcoholic infusion of Chamomile officinalis. The minimum value of energy
of reduction/oxidation of vegetable raw materials (REgiant) is set for Calendula officinalis 1.5
mV (reducing values), the maximum value of 73.1 mV — for Chamomile officinalis (reducing
values) [38, 39].

According to sensory evaluations, infusions of alcohol from flowers are recommended
for use in the production of tinctures, aromatic alcohols, balms, liqueurs.

Research of alcohol infusions from tree bark

From the group tree bark 2 samples were studied. The pH level for infusions of alcohol
Cinnamon (Cinnamon bark) is 5.34 and Rooibus — 5.52 units pH. The minimum theoretically
expected RP (Ehmin) is 277.9 mV (Cinnamon) and 270.2 mV (Rooibus), the actually
measured RP (Ehac) is 208.5 mV and 155.0 mV, respectively. At the same time, the minimum
value of energy of reduction/oxidation of vegetable raw materials (REpiant) is equal to 69.4
mV and 115.0 mV, respectively (Figure 5).
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Figure 5. Characteristics of alcohol infusions from bark

According to sensory evaluations, infusions of alcohol from the bark are recommended
for use in the production of tinctures, aromatic alcohols, balms.
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Research of infusions of alcohol from dried fruits

In the group dried fruits 18 samples were studied. The pH level of infusions of alcohol
from dried fruits (Figure 6) ranges from 4.48 (Badian real) to 6.82 (Horse chestnut), i.e.
infusions of alcohol from dried fruits has an acidic environment that is close to neutral.
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Figure 6. Characteristics of alcoholic infusions of dried fruits

The minimum theoretically expected RP (Ehmin) for infusions of alcohol from dried fruits
has a value from 215.6 mV (Horse chestnut), to 314.1 mV (Badian real), the actually
measured RP (Ehae) — from 83.5 mV (Flax ordinary) to 231.5 mV (Badian real). The
minimum value of the energy of reduction/oxidation of alcohol infusions (REix) is typical for
Walnuts [40] — 44.5 mV, and the highest value — 158.9 mV has an alcoholic infusion of
Cocoa. The minimum value of energy of reduction/oxidation of vegetable raw materials
(REpiant) is set for Walnut «-» 40.0 mV (oxidative values), the maximum value of 74.4 mV —
for Cocoa (reduction values).

9 samples of dried fruits, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-»40.0 mV (Walnut) [41] to «-»1.9 mV (Badian real), which is 50% of
all dry fruits. 9 samples of dried fruits have restorative characteristics from 1.4 mV (Scots
pine) [42] to 74.4 mV (Cocoa), which is 50%.

According to the sensory evaluations of 18 studied samples of alcoholic infusions of dried
fruits — 1 sample (Flax ordinary) —is not recommended for use in the production of alcoholic
beverages due to the aroma and taste (aroma of vegetable oil with a bitter taste).

Research of alcohol infusions from juicy fruits
In the group juicy fruits [33, 34] 29 samples were studied (Figure 7, 8). The pH level of

infusions of alcohol from juicy fruits has an acidic environment, approaching neutral and
varies from 3.60 (Black currant) to 6.77 (Sowing cucumber).
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Figure 8. Characteristics of alcoholic infusions of juicy fruits
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The minimum theoretically expected RP (Ehmin) for alcoholic infusions of juicy fruits
is from 217.9 mV (Sowing cucumber), to 351.0 mV (Black currant), the actually measured
RP (Eha) — from 138,5 mV (Mountain ash) to 308.5 mV (Quince oblong). The minimum
value of the energy of reduction/oxidation of alcohol infusions (REin) is typical for Lemon
18.8 mV, and the highest value — 174.8 mV has an infusion of alcohol Grapefruit. The
minimum value of energy of reduction/oxidation of vegetable raw materials (REpiant) iS Set
for Lemon «-»65.7 mV (oxidative values), the maximum value of 90.3 mV — for Grapefruit
(reduction values).

15 samples of juicy fruits, depending on the energy of reduction/oxidation, have oxidizing
characteristics from «-» 65.7 mV (Lemon) to «-» 2.2 mV (Grapes), which is 52 % of all juicy
fruits. 14 samples of juicy fruits have restorative characteristics from 3.5 mV (Grapes —
raisins) to 90.3 mV (Grapefruit), which is 48 %.

According to sensory evaluations, all infusions of alcohol from juicy fruits except
infusion of Figs and Raisins are recommended for use in the production of tinctures, aromatic
alcohols, balms, liqueurs. When examined in juicy fruits, a negative aroma of sulfur dioxide
was detected, which is used for processing, in order to increase their shelf life.

It can be concluded that infusions of alcohol from vegetable raw materials have a
hydrogen index of 3.13 (Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum
theoretical value of RP (Ehmin) has a value from 159.1 mV (Stinging nettle) to 370.8 mV
(Sudanese rose), and the actual value of RP (Ehact) from 8.0 mV (Stinging nettle) up to 308.5
mV (Quince oblong). The minimum value of antioxidant (restorative) ability of alcohol
infusions (REix) is for lemon fruits — 18.8 mV, the maximum value of restorative ability —
209.0 mV - for alcohol infusion of Wild strawberry. It is proved that the energy of
reduction/oxidation of plant raw materials (REyian) relative to the alcohol mixture is in the
range of reduction values from 124.5 mV (Wild strawberry leaves) to oxidative values of «-
»65.7 mV (Lemon fruit). It was found that alcohol infusions, depending on the activity of
plant raw materials have a reducing ability (over 0 mV) — 65% of samples and oxidizing
capacity (less than 0 mV) — 35% of samples.

Conclusions

1. The expansion of the range of alcoholic beverages with the use of alcoholic infusions
from plant raw materials to improve sensory evaluations and enhance the antioxidant
effect is justified. A study of alcohol infusions from vegetable raw materials, which
were considered on morphological grounds: herbs (35 samples); roots and rhizomes (9
samples); flowers (7 samples); tree bark (2 samples); dried fruits (18 samples); juicy
fruits (29 samples).

2. Infusions of alcohol from vegetable raw materials have a hydrogen index from 3.13
(Sudanese rose) to 8.17 units pH (Stinging nettle). The minimum theoretical value of
RP (Ehmin) is from 159.1 mV (Stinging nettle) to 370.8 mV (Sudanese rose) and the
actual value of RP (Eha) from 8.0 mV (Stinging nettle) up to 308.5 mV (Quince
oblong). The minimum value of antioxidant (restorative) ability of alcohol infusions
(REir) is for Lemon fruits — 18.8 mV, the maximum value of restorative ability — 209.0
mV — for alcohol infusion of Wild strawberry. It is proved that the energy of
reduction/oxidation of vegetable raw materials (REpan) relative to water-alcohol
mixtures is in the range of reduction values from 124.5 mV (Wild strawberry leaves) to
oxidative values of -65.7 mV (Lemon fruit).
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Alcohol infusions, depending on the activity of plant raw materials have a reducing
ability (over 0 mV) — 65 % of samples and oxidizing capacity (less than 0 mV) — 35 %
of samples. The creation of alcoholic beverages with antioxidant action allows you to
bring to market new products that favorably distinguish the range of manufacturers from
the range of competitors, creating a positive image of the company.
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